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PIPE FGRMABIUTY EVALUATION FOR 

EXPAN0ABLE TygUy^RS 

lOOOZfTtiis invention relates gener^ 

to an expgnsfon mandrel whjcti reduces stress tiUfing expansion of the casing. 

iSackground of the invention 

[0003} Solid tubular casing^o^^ 

Wing, the easing iscomprised of end-tO;*nd ihterconne^^ 
toprotectagainstpossiblecoliapseofth^i^ 

tubing oflen reaches substantial depths and er\dure^ substantial pressures, 

mm Is present pi^cticeru^^ WandM^ 
» isa coldHArarkIng process;v^^^^ challenged Tliis 

technolc^i&knovwigs.$oiM^^^ 

pmoe^rdefpofj^^ l^esfteeyond whdt ispresentiin the 

dewimhole" enyironmeht 

(OdoeiAn exf)ansion cohe. of mandrel, is used to permanently mechanically defbrnv the 
pipe. Bie^cpne ls moved through the tubing by a dij=ferential.hydraulie pressure acfo^ 
the cone itself, and/or by a ^Jirect mechanical pullor pushTorce: -The differential 
pressure is pumped through an lnne;-stflng con 
force is applied by either raising or lowering the inner string. 
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iQOO7]PrG0r^sspfthe:^onet^^^^ 

into the piastiaregion. whH^^ keeping stresses below ultimafeyfeld^^ :Expan^bns:gr6ater 
than 20%,.based on pipe ID; have been :9qo^^^ f*3weven itio^ aF^^^ 
using 4 1/4 .1^ 3m inch riG8^40:mm)lubm^ expanslons:|ess than^O%. 

The ID of mm mmm!^ih& sam^ id ofithe^xpansionvmafidr^, whifih Is 9 
function of expansion mandrel OD, Gontaqt Nty«^^eyl|harle^^ 
dunng^xpanslon leatjs |o^jgnifl#rit fbrcie^^^^ tpSfrletlonv Jtwould^bebenefici^l to 
proviele methoa fbif testing tubulari^mbers fbrsuitabiiity fbr the expansion process. It 
w«a1sQ foebenefictel toprovidaa meWfor selectingtuj^ingjor tubu^ 
well suifed for expansion. 
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{90691 AcppRijng te the: present inyentiso, there is provicieciia methodLfor selecting 
a tubiiter, rnember for suitability for expansion on a ba^fs comprising ;use of an 
expandabili^ coefficierit deitermined; pursuant to a stress^strain test using axial loading 
In combination with one or moreyphysieal properties of the tubular member including 
the percentage by weight of carbon beinjEj; no less than 0.02% and no more than 
0.()32%. 

(dbd9] Preferably, the selection of the tubular member is further based on the 
(Siarpy eneitjy beir^g afcleast SK) ft-lbs at-4 •F^i(122J at^^ 

[QOpiO] Preferably, the, selectjon Qf^tht tubujfi; member is fuiher based: on ttie 
perceive byiwej^ht of jtIp 

tOPQ'IIJ PreferablyrtheseleGlipno^ 
wncentratio^ 

(00012] Preferably, the; 

the IpMyyIng i^iigiejS of V^^ peroentagest^ 

;S| beiiag from p-p09% to 0.30%; 

]Mifi berfiig f«pmQ:1Q%to 1.92%: 

P b^ing fi^m p.pp4% t(? 

s ii$in§ ftottj; 0,0008% t<? 0:qg^%|: 

Albeiriig^p to 0 54%^ 
N being up to p.01%j 
Gu b6ing up toP.3%; 
GV being up to 0.5%; 
Nl being up to 18%; 
Nh being up to d. 1 2%; 
Tl being up top.8%; 
Co being up to .9%:;iahd 
Mo being up to 5%, 
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Preferably, the expaMabillty coefficient is determihed pursuant to a. stress- 
strain test using axial loading comprising calculation of plastic strain ratio for obtaining 
the expansion coefficient pursuant to test results and using file formula: 

/ -^ r" J. i Equation 1 

expa ndabili^ cbeffieieht 
\k> & bk - initial and final tube area (ineb'^2) 
Lp & tik - initial and final tuba^^^ 
B =p?2-d^2>^4 -^ross 

[00014] PifBferablyv tfie sejexj^^^^ of tbe tubular member is further based on stress- 
strain propertieis in oho or mipre direetipnal bileritatipns # material, and/or Cbarpy 
y^nptch impact value in one or more prienfetipns of and/or 

stress w hurst strength, arikl/pr stress TMpture collapse; strehgth,, antW^ strain- 
bartehjng; and/pr hpxJnes^^^^ strength; 



Brief Pescrip^^ Pirawihgs . 



(9013] f=5ig.: 1 dfepict^ In a scham 

a|png:;and tfi^^ the ceiitralax^ of a WbUla^ri^ 

opposed forcesi 

[ppi^ Fig. 2;is £1 stress-stra that 
rriay be plotted for Sfolid specimen sarnple. 

[ OOljSJ Fig. 3. is a schematically depiction of a stress sitrain curve representing 
values from^ieston a tubular member a<x»friing^to 5^ 
of the invention^ . 

[001 6] APPENDIX A;tq tb^ pi^sftnt; ^pplfea^^ of 
pipe foirmabitity ^valuation lor expand^^ liibUlars in ^^^ieM alternatiye illustrative 
erhbbdiments. 
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^ 1 0017] ;<>f th9 prpt>iems of the pipe material selectton jDr^)(||f ^ 

application is an epparent contradicti 

toincreaseburst ^nd cpllapse ^ngth, r^^^ s^^nigtlrii^tisi^ 
hjEiher yiild sb^ength Me 

corresfrahdingiy il^te^^^^ £ S-v^^^^ j, 

[jDOim iriis desirable tGf;$eiect;the ste^rmateris^^ fbr^e tublnigi by Jb||ar^^ 
sb^ngth with arnount absQrt)ed;eneis^^ 

are done on samples cut from tubular members^ It has been fburtd^^t^^ 
directional samples both iqng[Uidinai|y orien 

orierited (generally perpehdicular to the toasi^ This itiethod erf s6l»c?ii^^^d^ 
benefidal wherl both directional orientiaitions are 1^^^ yet does nbt x^nipjlite^^ 
possible arid characteristic anis^ Mpiipi^j^^ 
diamefeftUbihg sanripl^ 
sometimes^ imj» 

[001^ ^ Tb^ilirtherfabilitateevaiuaitiQri^ 
it has been found ieneticiaia^ 
strain raitio. OnS sa<^ ratip Js>Gal^ 

strains o(fGurrinf^m^^^ ar^ 1hi<|kne^^^ measured Iriia ^^le ^nsiphlt^^. 

pit plastic isti?^^ 
liTOfB ilBSlstaW^^^ 

is|ouhd^beamea$ui«r TheLinidbiri^V^lue:ifi^may:b 
ttie llqUia^n 2 belo^ , 
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wHfre, 

T - normal anisotiopy^^c^^ 

bo & blt>: Initial BOd final wIcJth 
Lo Ctkr Initial and final feo^^ 

i 0b2di However, it is time twosuming and labo^ 

measured using samples cut from real parts such as Irom the tubular members. The 
tubular membem w^^^^ have ariisptrppK; charac*enst|cs du&^to cr>sta||dgraphic or Tgralri " 
priehtatidn iand iiiechanlbally^^t^^^^^^ 

re^Mirthg rnultiple $^ reliably (XHnplete ioforroatbn. Moissovet^ with Indfwidual 

samples; only local characteristics are determined and ttie cornp^^ 

tubular member may not b#determthabte. Further some of Ihe hJbuiar members have 

small diametersso that?cattii^ samp^« to 

possible Jiiformatfonr^aid^^^^ 

found to be Important becaiis?! the pMsfic deiforn^pn dMttoi ^ango^^^^^ 
w?ernb^r$o^ 

lOOZVl Qic»a§pe«*<*fiheRB^n 

ter aiilstHropy eyaiuat^h. Including f Miid C^^ 

paramet#thatlsi^^^ 

[0022] Fig, 1 dajiicte In a schematic ftagmeriteiy cross-sectipna} vlew^^^^^^^ a plane 
along and through the axis 1^^ ^bular member 10 that is tested ^^^^ opposed 
forces and iSt Hiie tubular menriber 10 is a)dal|y sti^hed tSeyond^ elastic limit. 
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trough yielding^lo ultimate>yield;orlracture. Measuremente crK%e 
and ID tJoring tfg pfpSas^vpiTOidyce t^jaVicjan^ in W^ :fcHrmuj#)^ 

i)roduc» an e^^ T"^ set fort) In Equation 1 abpye. Altenia^ 

cpeffident called^ forifnaili^ l^nlsotroj^.CQ^ Vmis iim^M 

anisotropy lankford coeiffid 7 

.F(9-fomiabilityanisptro^ ' 

bo & bk - InWal and final tube area (inch*2) '^■:Xv'k(^:^'='{/: . 

Lo & Lk* initial and final tube length (inch) 

[0023] In: eltherditiims^^ the tts© qf fti# tewstlng ml^cl ifor^^^ 

tubular member proyldes usefytinfbrmatld^^ indudlh^ anlsGtfpjiflc'^c^^^ 
anisotropyofihetubuiarrhen^^^ 

down hoie expanstani sifrillar^tQ the useiof the Unkfert value fe a-sheetiiateri^ 

102^ ju5ft ias» values fbr stress and strain may be tHotfeKd ibr spll^ 
^mp!eM^s??hie^a^ 

memberm^ bnUiisbasie^^^^^^ 
f<bf%vfbiiT^^ ffi^llbeth^b^:^ 
djstrtbutipnG fT6^ In iqwg^^ and cirdjmferentiaiir 

siirhtil^heously,: ^ •' 

t002S|; The^regolng expandability coeffident|3rf^ 

be useful in predicting good expansion results and may befurther useful when used in 
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combinatton with one; or more otoer propertles^^^^^^^ 

strain properties In one or rtiore dlrectldnsil orl(^|Tit$ii^ns^ of the matertil-; strengtli & 

etongation. Chaipy V^nptch impea value k pOje or more diiecfiH^iial of the 

mafeWal,;stoBSsb^^ 

and s^in-iieniening exponent (^^^^^^^^ 

[1)026} in several aitemativeriliustra 
expandabie tubulars is prpj^ded as described a 
appli£?atipn. 

[;0027] Although illustrative embodiments of the invehtioh h$Ve been shown and 
deseribed. a wide range of modifieation. ciia^ 

foregoing disclosure. lii some instanc»s, some feaftjres of the present ly 
employed without a Qon-espondlng useoft 

^PP^hded i^ain^^^ 
ofthelnventbh; 
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GLAIAAS: 

1 . A method for seieeting a tybulaf membef^fo^ sylJafeijrtY for expansion on a 
basis comprising use 6f^m expandability a stress- 
strain test ijsinga^^ in combinatiph MB one or rnore phy^ properties of 
^:;tubular niembe percentage by weight of -earbbri ;be^^^^ than; 
0,02% and no mbn^:1^^ 

2. The method of ttalm 1 wherein selecting the tiibUlaf mfiniber is fiirther 
based^n#e Charpy e^ beiha at leastQO fl-lbs at -4-^F^(^ at^are). 

3. The method of one of claims 1 and;: 2 wherein selecting the tubular member 
is further based p the pprc6ntage by weight of niobium^ being between 0.01Si% and 

4. The method of one of claims 1-3 wherein selecting the tubular member is 
further based on the totsil concentration of^ niobium and -titdnium 6i69/o 
by weight 

: 5. The method of one of claims i-4 wherein selecting the tubular member Is 
further based on each of the following ranges p{;wejight:p^ 
Si bieing from^d^Q09% to 0;3Gf%i; 
Mh being^from 0: W 
F^ beiing from 0:004% to 0.07%^ 
Sbdncjfrom6;0008% toM06^; 
Al being up to 0:04%; 
NbteinguptoO,Oi%; 
Cu being up to 0:3%;: 
Cr being up to 0.5%; 
Ni being up to 18%; 
N& beinig up to 0.12%; 
Ti being up to 0,6%; 
Co being up to 9%; and 
Mb beind M) to 



id 

S. The method of claim 1, wherein the expandability coefficient is determined 
pursuant to a stress-strain test using axial loading comprising calculation of plastic 

strain ratio for obtaining the expansion coefficient pursuant to te^^^ 
formula: 

5 - ^* 

■ / ~ r h Equation T 

where, 

expandability coeffieient 
bo & bk -- initial and final tube area (jnch'^2) 
Lo & Lk>- initial; and final lubeife 
10 B = {b'5-d^)/4^^:crosssec^^ 

7^ The method of elaim 1, wherein: the physical properties of ^the tubulk 
member furWner conrTprise stress-strah properties In one; or mors dlrectidnal^^^ 
of the material, and/or Charpy V^ndtcfc impact valuer in^ me qp more dfrecttonal 
15 orientations of the materia, a^^ stress rupture burst strength, and^^ stress roptyrB 
collapse strerigth, andter-strain^hardening, exponent ^n.^ aridtor hardness aW 
yield strength; 
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